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Abstract— In this study, design of experiment (DOE) for response surface methodology (RSM) was used to analyse and optimise the 
compositions of the nutrient medium (calcium ion, peptone, ethanol and manganese ion) for citric acid production from yam peels via solid 
state fermentation (SSF) using Aspergillus niger. A four variable, central composite design (CCD) was used to develop a statistical model 
for the process while RSM was used to optimise it. The results obtained showed that the model was statistically significant (p<0.0001) and 
displayed a good fit with the experimental observations (R
2 
= 0.997). Citric acid production was significant at high levels of ethanol and 
calcium while the reverse was the case for manganese and peptone. The optimum values of ethanol, manganese, calcium and peptone 
were 7.0% v/v, 1.0 g/l, 0.1 g/l and 0.1 g/l respectively. Under these conditions, the citric acid concentration was obtained as 66 g/l. Validation 
of the statistical model showed an insignificant difference between experimental and model predicted results. 
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1 INTRODUCTION 
itric acid is a tricarboxylic acid that is utilised in a 
wide range of industries. It is a microbial product 
used in the food and beverage industries as an 
acidifying, flavouring, preserving, chelating and buffering 
agent and also in other industries such as the production 
of pharmaceuticals, cosmetics and textiles (Amenaghawon 
& Aisien, 2012; Amenaghawon et al., 2014; Imandi et al., 
2008). The consumption rate of citric acid by various 
industries has increased over the years with 
approximately 75% of the acid produced annually 
consumed by the food industry, and the pharmaceutical 
industry consuming about 12% of it and the other 13% 
consumed by other industries thus resulting in a 3.5-4.0% 
increase in annual demand for citric acid (Haq et al., 2001). 
Chemical synthesis of citric acid has so far proved 
uncompetitive with respect to fermentation mainly 
because the fermentation route is simple and stable in 
operation and the energy and technical skill requirements 
are considerably less (Papagianni, 2007). There are 
different fermentation methods but solid state 
fermentation and submerged fermentation are the two 
major methods employed. However, solid state 
fermentation has some important advantages when 
compared with submerged fermentation. The solid state 
fermentation process has a higher citric acid yield, lower 
energy and water requirements, less risk of bacterial 
contamination, less wastewater generation and less 
environmental concern regarding the disposal of solid 
waste (Prado et al., 2005). The economics of citric acid 
production could be made more attractive by using cheap 
agricultural wastes such as sugarcane bagasse (Kumar & 
Jain, 2008; Amenaghawon et al., 2013), pineapple waste 
(Kareem et al., 2009), banana peels (Kareem & Rahman, 
2013), molasses and corn corbs (Shetty, 2015), cassava 
peels, ripe plantain peels and unripe plantain peels 
(Ogunka-Nnoka et al., 2011). 
*Corresponding Author 
Nigeria is the largest yam producer in the world, 
contributing two-thirds of global yam production annually 
(FAO, 2012). The processing of yam into various products, 
be it locally processed food or industrial products like 
flour, generates a large amount of wastes, particularly the 
peels. These wastes do not have any important use apart 
from being used as animal feed, and due to the high 
nutrient content of these wastes especially carbohydrate, 
they could serve as an ideal substrate for citric acid 
production via solid state fermentation (SSF). 
The optimisation of process variables is an important 
consideration in the design of fermentation processes 
because of its impact on process economics and feasibility 
(Betiku & Adesina, 2013). The composition of the 
fermentation nutrient medium is one of the most 
important factors to consider during fermentation as it 
directly influences the growth of the fermenting 
microorganism and by extension, the production of citric 
acid (Alvarez-Vasquez et al., 2010). Hence there is an 
obvious need to optimise this factor in order to improve 
the efficiency of the process. Research has shown that the 
use of design of experiment (DOE) and response surface 
methodology (RSM) can help in achieving this (Park et al., 
2002; Lakshmi et al., 2009; Obulam et al., 2013; 
Amenaghawon et al., 2015). RSM is a statistical tool for 
modelling and optimising multifactor processes through 
the regression fitting of the experimental data. Its main 
advantage is the ability to utilise a reduced number of 
experimental runs to obtain statistically acceptable results 
(Wang et al., 2011). 
The objective of this study is to analyse and optimise the 
nutrient medium for enhanced citric acid production from 
yam peels using Aspergillus niger in SSF. A four variable 
central composite design was combined with response 
surface methodology to study the simultaneous effect of 
four independent variables (ethanol, manganese ion, 
calcium ion and peptone) on citric acid production. 
C 
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2 MATERIALS AND METHODS 
2.1 FEEDSTOCK PREPARATION 
Yam (Dioscorea rotundata) peels were collected from a local 
food court in the University of Benin, Benin City, Edo 
state, Nigeria and was the source of carbon for producing 
citric acid. The peels were washed with water to remove 
the adhering dirt after which they were dried in an oven at 
60 °C for 2 hours. The dried peels were then milled to 
obtain 1 mm particles. 
 
2.2 MICROORGANISM AND INOCULUM PREPARATION 
Aspergillus niger ATCC 9167, obtained from Microbiology 
Department of the University of Benin was used 
throughout the study as the fermenting organism. Conidia 
suspensions of fungal strains were obtained from cultures 
grown on potato dextrose agar slants at 30 °C for 5 to 7 
days. The spores were washed with sterilised 0.8% Tween 
80 solution (Sigma Aldrich, USA) by shaking vigorously 
for 1 min. Spores were counted with a haemocytometer to 
obtain approximately 2 x 107 spores/ml (Amenaghawon 
et al., 2014).  
 
2.3 SOLID STATE FERMENTATION 
Solid state fermentation was carried out in 250 ml 
Erlenmeyer flasks and the process was as described by 
Imandi et al. (2008). The unoptimised nutrient medium 
had the following composition in g/l: MgSO4.7H2O (0.15), 
ZnSO4.7H2O (0.002), FeCl3.6H2O (0.015). For the 
optimization studies, the nutrient medium was 
supplemented with calcium chloride (CaCl2), manganese 
sulphate (MnSO4), ethanol and peptone and their 
composition was fixed according to the experimental 
design. Ten grams (10 g) of the solid substrate was wetted 
with the nutrient medium to the desired moisture level of 
80%. The contents were thoroughly mixed, cotton plugged 
and autoclaved at 121 °C for 20 min and then cooled to 
room temperature. The sterilised substrate including 
media was inoculated with 2 ml of the inoculum, mixed 
thoroughly and then incubated at 30 °C for 5 days. At the 
end of fermentation, the medium was diluted with 100 ml 
of deionised water. The resulting mixture was thoroughly 
agitated for 1 hr at room temperature in a rotary shaker at 
150 rpm to enhance the dissolving process after which the 
resulting liquid was filtered off using a Whatman filter 
paper and the resulting clear filtrate was used for citric 
acid analysis. 
 
2.4 ANALYTICAL METHODS 
The citric acid concentration in the clear liquid was 
analysed using the method of Marrier and Boulet (1958). 
This was accomplished by adding 1 ml of the filtered 
fermentation broth along with 1.30 ml of pyridine and 5.7 
ml of acetic anhydride in a test tube. The test tube was 
then placed in a water bath at 32 °C for 30 min. The 
absorbance of the sample was measured at 405 nm using a 
UV-Vis spectrophotometer (Model T70, PG Instruments, 
United Kingdom). The concentration of citric acid in the 
sample was determined from a citric acid calibration curve 
which was prepared from known concentrations of citric 
acid. 
 
2.5 EXPERIMENTAL DESIGN 
A central composite design was used to develop the 
experimental design by considering the factors listed in 
Table 1. 
Table 1: Experimental factors and levels 
Independent 
variable 
Symbol 
Coded and actual levels 
-2 -1 0 +1 +2 
Ethanol (%v/v) X1 0.00 1.75 3.50 5.25 7.00 
Manganese (g/l) X2 0.00 0.25 0.50 0.75 1.00 
Calcium (g/l) X3 0.02 0.04 0.06 0.08 0.10 
Peptone (g/l) X4 0.10 0.17 0.25 0.33 0.40 
Multiple regression analysis was employed to fit the 
experimental observations to a quadratic statistical model 
(Equation 1) using Design Expert software version 7.0.0. 
The goodness of fit of the model was evaluated using test 
of significance and analysis of variance (ANOVA).  
       2i o i j ij i j ii i iY b b X b X X b X e       (1)  
Where Yi is the dependent variable or predicted response, 
Xi and Xj are the independent variables, bo is offset term, 
bi and bij are the single and interaction effect coefficients 
and ei is the error term. The optimum values of the factors 
and the response were obtained by numerical optimisation 
based on the criterion of desirability (Amenaghawon et al., 
2014). 
3 RESULTS AND DISCUSSION 
3.1 STATISTICAL ANALYSIS 
Equation (2) expresses the result of multiple regression 
analysis of the experimental data. 
    
  
  
1 2 3 4
1 2 1 3 1 4
2 3 2 4 3 4
31.51 6.852 36.87 222.44 113.15
    7.67 98.83 10.94
   258.25 26.64 814.17
Y X X X X
X X X X X X
X X X X X X
     (2) 
The equation was used to predict the values of citric acid 
concentration with respect to the factor and the results are 
shown in Table 2 alongside the experimental data. The 
results of ANOVA carried out to determine the 
significance of the model terms is shown in Table 3. The 
results showed that the model terms were significant as 
seen from the very low p values (p < 0.0001). The 
significance of this is that changes in the values of the 
concentrations of ethanol, manganese ion, calcium ion and 
peptone could significantly affect citric acid production.  
The F-value shows how well the factors describe the 
variation in the data about its mean (Betiku & Adesina, 
2013). In this study, the F-value of the model as obtained 
was 596.50. Combined with the low p value (p< 0.0001) of 
the model, it means that the model was statistically 
significant and could be used to represent the production 
of citric acid. The experimental data fitted well to the 
quadratic statistical model with a coefficient of 
determination (R2) value of 0.997 (Table 4). The R2 value 
gives an indication of the level of fit between the model 
and the experimental data used for fitting. According to 
Guan & Yao (2008), the R2 value should be at least 0.80 for 
a model to be considered to have a good fit with 
experimental data. The R2 value obtained in this study 
indicates that the sample variation of 99.7% for citric acid 
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concentration was attributed to the independent factors 
and only 0.3% of the total variation was not explained by 
the model. This observation implies that the model proved 
suitable for the adequate representation of the actual 
relationship among the selected factors. A low standard 
deviation of 0.29 indicated that there was very little 
deviation of the individual values of the response from the 
mean. The coefficient of variation (CV) is the standard 
deviation expressed as a percentage of the mean and 
experimental data is considered reproducible if the CV is 
not greater than 10%. In this study, the CV obtained was 
1.40%. Adequate precision value measures signal to noise 
ratio. A ratio greater than 4 is desirable. A ratio of 104.29 
was obtained in this study which indicates an adequate 
signal. Furthermore, the lack of fit value of the model was 
0.1675 (Table 3). Since this value is greater than 0.05, it 
implies that the lack of fit was not significant. Therefore, 
the quadratic model obtained in this work could be used 
for theoretical prediction of citric acid production from 
yam peels. 
Table 2: Central composite design and the experimental responses of 
dependent variable 
 Factors Response 
Run 
 
 
Coded levels Actual values Citric acid 
(g/l) X1 X2 X3 X4 X1 X2 X3 X4 Obs. Pred. 
1 1 -1 -1 1 5.25 0.25 0.04 0.325 16.1
6 
16.18 
2 1 1 -1 -1 5.25 0.75 0.04 0.175 18.1
4 
18.24 
3 0 0 0 2 3.50 0.50 0.06 0.400 22.9
1 
22.74 
4 0 0 0 0 3.50 0.50 0.06 0.250 20.7
7 
20.84 
5 1 -1 1 1 5.25 0.25 0.08 0.325 19.9
7 
20.04 
6 -1 -1 1 -1 1.75 0.25 0.08 0.175 18.6
1 
18.75 
7 1 -1 -1 -1 5.25 0.25 0.04 0.175 14.0
0 
13.71 
8 2 0 0 0 7.00 0.50 0.06 0.250 2 .9
9 
21.46 
9 0 0 0 0 3.50 0.50 0.06 0.250 20.8
6 
20.84 
10 0 0 -2 0 3.50 0.50 0.02 0.250 19.0
0 
18.88 
11 -2 0 0 0 0.00 0.50 0.06 0.250 2 .4
2 
20.22 
12 0 2 0 0 3.50 1.00 0.06 0.250 20.0
0 
20.24 
13 1 1 1 1 5.25 0.75 0.08 0.325 28.1
2 
27.73 
14 1 1 1 -1 5.25 0.75 0.08 0.175 3 .3
7 
32.14 
15 0 0 0 0 3.50 0.50 0.06 0.250 20.8
0 
20.84 
16 -1 1 -1 -1 1.75 0.75 0.04 0.175 14.8
4 
14.95 
17 -1 1 1 -1 1.75 0.75 0.08 0.175 15.2
3 
15.02 
18 -1 1 -1 1 1.75 0.75 0.04 0.325 21.3
7 
21.17 
19 1 -1 1 -1 5.25 0.25 0.08 0.175 22.4
4 
22.45 
20 0 0 0 0 3.50 0.50 0.06 0.250 20.9
0 
20.84 
21 1 1 -1 1 5.25 0.75 0.04 0.325 18.6
7 
18.71 
22 0 0 0 0 3.50 0.50 0.06 0.250 20.8
5 
20.84 
23 -1 -1 -1 -1 1.75 0.25 0.04 0.175 23.6
6 
23.85 
24 0 0 0 0 3.50 0.50 0.06 0.250 21.3
2 
20.84 
25 -1 -1 -1 1 1.75 0.25 0.04 0.325 31.6
5 
32.06 
26 -1 -1 1 1 1.75 0.25 0.08 0.325 22.3
7 
22.08 
27 0 0 0 -2 3.50 0.50 0.06 0.100 18.9
4 
18.94 
28 0 -2 0 0 3.50 0.00 0.06 0.250 21.4
5 
21.44 
29 0 0 2 0 3.50 0.50 0.1 0.250 22.5
2 
22.80 
30 -1 1 1 1 1.75 0.75 0.08 0.325 15.8
8 
16.36 
 
Table 3: ANOVA results for citric acid production 
Source Sum 
of 
square
s 
df Mean 
square 
F value p value 
Model 508.43 10 50.84 596.50 < 0.0001 
X1 2.30 1 2.30 27.03 < 0.0001 
X2 2.14 1 2.14 25.09 < 0.0001 
X3 23.10 1 23.10 271.02 < 0.0001 
X4 21.74 1 21.74 255.04 < 0.0001 
X1X2 180.18 1 180.18 2113.89 < 0.0001 
X1X3 191.45 1 191.45 2246.05 < 0.0001 
X1X4 32.99 1 32.99 387.08 < 0.0001 
X2X3 26.68 1 26.68 312.98 < 0.0001 
X2X4 3.99 1 3.99 46.84 < 0.0001 
X3X4 23.86 1 23.86 279.97 < 0.0001 
Residual 1.62 19 0.085   
Lack of fit 1.41 14 0.10 2.43 0.1675 
Pure error 0.21 5 0.042   
Corrected 
totals 
510.05 29    
 
Table 4: Statistical information for ANOVA of citric acid model 
Parameter Value 
R-Squared                                            0.997 
 Adjusted R-Squared                           0.995 
 Mean                                                   20.840 
Standard deviation                               0.290 
Coefficient of variation (%)              1.400 
Adequate precision                    104.287 
The low values of standard error observed in the intercept 
and all the model terms as shown in Table 5 indicate that 
the statistical model fitted the experimental data well and 
gave a good prediction. The variance inflation factor (VIF) 
measures how much the variance of the model is inflated 
by the lack of orthogonality in the design. If the factor is 
orthogonal to all the other factors in the model, the VIF is 
1.0. The VIF values obtained in this study as presented in 
Table 5 showed that each factor in the model are 
orthogonal all the other factors in the model. 
Table 5: Citric acid model coefficient estimate and confidence 
intervals 
Factor 
Coefficient 
estimate 
df 
Stand. 
error 
95% CI 
low 
95% CI 
high 
VIF 
Intercept 
X1 
20.84 
0.31 
1 
1 
0.053 
0.060 
20.73 
0.19 
20.95 
0.43 
 
1.00 
X2 -0.30 1 0.060 -0.42 -0.17 1.00 
X3 0.98 1 0.060 0.86 1.11 1.00 
X4 0.95 1 0.060 0.83 1.08 1.00 
X1X2 3.36 1 0.073 3.20 3.51 1.00 
X1X3 3.46 1 0.073 3.31 3.61 1.00 
X1X4 -1.44 1 0.073 -1.59 -1.28 1.00 
X2X3 1.29 1 0.073 1.14 1.44 1.00 
X2X4 -0.50 1 0.073 -0.65 -0.35 1.00 
X3X4 -1.22 1 0.073 -1.37 -1.07 1.00 
 
3.2 OPTIMISATION OF CITRIC ACID PRODUCTION 
Three dimensional (3D) response surface plots were 
generated from the statistical model to determine the 
optimum levels of the variables that were investigated in 
this study. The plots were generated by keeping two 
variables constant at their middle value while varying the 
other variables. These plots showed the effect of ethanol, 
manganese, calcium and peptone on citric acid 
production. In Figure 1, the interaction between 
manganese and ethanol and its effect on citric acid 
production is shown. Low molecular weight alcohols such 
as methanol and ethanol have been known to positively 
influence citric acid production (Ali & Haq, 2005) and the 
results presented in Figure 1 corroborates this assertion. 
Figure 1 shows that citric acid production increased 
generally in the presence of ethanol. This observation has 
been attributed to the reduction of the inhibitory effect of 
metal ions present in the fermentation medium (El-Holi & 
Al-Delaimy, 2003). Low molecular weight alcohols have 
also been shown to influence membrane permeability in 
microorganisms by affecting phospholipid composition 
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thus allowing the increased transfer of nutrient across the 
cell membrane (Nadeem et al., 2010). Furthermore, the 
addition of ethanol to the broth has been reported to 
change the activity of key enzymes associated with the 
tricarboxylic acid (TCA) cycle as it increases the activity of 
citrate synthase and decreases the activity of aconitase 
(Kim, 2004). In addition, ethanol could also improve citric 
acid production by being converted to acetyl-CoA and 
consumed by Aspergillus niger as an alternative carbon 
source (Jianlong & Ping, 1998).  
Figure 1 also shows that in the absence of ethanol, 
increasing manganese concentration did not favour citric 
acid production indicating some inhibitory effect. 
However, when ethanol was added, citric acid production 
was observed to increase with increase in manganese 
concentration. This could be attributed to the reduction of 
the inhibitory effect of the manganese ions. Some reports 
have shown that the presence of manganese in the broth 
could be inhibitory to citric acid production (Mirminachi 
et al., 2002; Zhang & Röehr, 2002). In other studies, Clark et 
al. (1966) observed that manganese concentrations as low 
as 3 mg/l drastically reduced the citric acid yield while 
Mattey & Bowes (1978) reported that the addition of 10 
mg/l Mn2+ resulted in a reduction in citric acid 
accumulation by 50%. A search of the literature revealed 
that there is no generally established trend with respect to 
the effects of these trace metals. Some studies have 
reported stimulatory effects while others have reported 
inhibitory effects. Nevertheless, it is well established that 
trace metal ions particularly divalent metal ions such as 
zinc, iron, manganese, among others, can significantly 
affect citric acid production by Aspergillus niger (Hang & 
Woodams, 1998). Hence, Soccol et al. (2006) recommended 
that it is necessary to take the interdependence of the 
fermentation medium constituents into account and that 
citric acid production could be improved only if a strict 
control of the trace metal availability is achieved. 
 
 
Fig. 1: Response surface and corresponding contour 
plots showing the effect of ethanol and manganese on 
citric acid production 
 
Figure 2 shows the effect of calcium ion peptone on citric 
acid production. Citric acid was positively influenced by 
the presence of calcium as shown in the direct relationship 
between both variables. These observations could be 
attributed to the fact that Ca2+ influences the growth 
pattern as well as the hypha and cell morphology of 
Aspergillus niger cells during fermentation. This has the 
resultant effect of increasing the uptake of phosphate and 
sucrose and the production of citric acid (Pera & Callieri, 
1997). Citric acid production is directly influenced by the 
concentration and nature of the nitrogen source and the 
most common sources of nitrogen are urea, ammonium 
nitrate, ammonium sulphate, malt extract and so on 
(Soccol et al., 2006). In this study, peptone was employed 
as the source of nitrogen. Citric acid production was not 
enhanced in the presence of peptone, a nitrogen 
supplement as shown in Figure 2. Although the effect was 
more pronounced at high concentration of calcium. 
Nitrogen supplementation should be in limited amounts 
because a high nitrogen concentration favours cell growth 
and the substrate consumption, but does not favour citric 
acid production (Grewal & Kalra, 1995). 
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Fig. 2: Response surface and 
corresponding contour plots showing the 
effect of calcium and peptone on citric 
acid production 
The optimisation of the statistical model (Equation 2) led to 
the determination and selection of the optimum nutrient 
medium composition. The maximum citric acid 
concentration predicted by the model was 66 g/l. The final 
optimised nutrient composition for the production of citric 
acid as obtained from RSM were an ethanol concentration 
of 7% v/v, manganese concentration of 1 g/l, calcium 
concentration of 0.1 g/l and peptone concentration of 0.1 
g/l. The statistical model was validated by comparing 
model predicted results with those of repeated experiments 
carried out at the optimised nutrient composition. The 
mean of the results obtained from three replications (65.84 
g/l) was close to that predicted by the model (66 g/l) thus 
showing validity 
4 CONCLUSION 
In this research study, the production of citric acid from 
yam peels was carried out using Aspergillus niger via a 
solid state fermentation process. Optimisation of the 
process was also carried out by varying the effects of 
ethanol, manganese ion, calcium ion and peptone. A 
central composite design was used to study the 
simultaneous effect of these factors on citric acid 
production. A statistically significant model (p<0.0001) 
was developed to describe the relationship between citric 
acid concentration and the chosen independent variables. 
Using RSM, the fermentation parameters were optimised. 
A good fit for the experimental value was shown by the 
statistical model (R2 = 0.997) with a low standard 
deviation. The addition of ethanol, calcium is favourable 
to citric acid production. The reverse is however the case 
for manganese and peptone. The optimum level of 
ethanol, manganese, calcium chloride and peptone were 
7.0% v/v, 1.0 g/l, 0.1 g/l and 0.1 g/l respectively. The 
maximum citric concentration of citric acid accumulated 
under this condition was 66 g/l. 
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